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THE CHEMICAL LESIONS OF ATHEROSCLEROSIS* 


The problems associated with our “way of 
life,” and their association with the incidence of 
atherosclerosis, have already been discussed by 
Dr. Ancel Keys' and Dr. Herbert Pollack” in this 
publication. I shall suggest some of the chemical 
mechanisms of atherosclerosis which, at the mo- 
ment, seem to us important. I say “at the mo- 
ment” advisedly, because we can hope that with 
the great, but belated, surge of research in this 
field some startlingly new ideas will appear; it 
cannot all be pedestrian investigation. As an- 
other generality, let me say that no evidence has 
yet been uncovered indicating that the mecha- 
nisms leading to atherosclerosis are not normally 
present in the body; there is always the hope 
that some unique and specific substance or 
change will be found that accounts for the 
disease. It is for this reason that terms like 
“atherogenic molecules,” for example, have such 
great attraction. 

We are left with the fact that, so far, only 
quantitative changes have been incriminated: in- 
crease in blood cholesterol, decrease in phos- 
phatide/cholesterol ratio, increase in lipoprotein, 
etc. None of these changes has been proved to 
have an exceptionally high degree of association 
with atherogenesis, and misunderstanding has 
led to confusion in handling the individual pa- 
tient. In short, none of the blood examinations 
has permitted the diagnosis of either athero- 
sclerosis or atherogenesis. On the other hand, cer- 
tain blood changes have suggested causes for the 
high incidence of atherosclerosis in some popula- 
tions. 

The first chemical lesion leading to athero- 
sclerosis must always be the genetic one. I think 
it is no longer necessary to plead that heredity is 
important, despite periodic raids on this concep- 
tion. Unfortunately, there are no more specific 
methods of quantifying its influence than those 
of epidemiology. But there is little doubt that 
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certain chemical patterns set by the genes aid in 
atherogenesis. 

The second chemical lesion is abnormality in 
composition of blood plasma and is usually con- 
cerned with the amount, size and shape of the 
lipid molecules. Since lipids are the only group 
of substances the body deals with that are nor- 
mally insoluble, it is little wonder that keeping 
them in solution presents a problem. This is 
solved for the most part by the expedient of com- 
bining them with protein as lipoproteins. The 
measurement of lipoproteins in plasma, espe- 
cialiy with the ultracentrifuge, or now by paper 
electrophoresis, has received the close attention 
of a number of investigators during the past 
several years. The upshot of much dedicated, and 
sometimes thankless, work has shown that a mod- 
erately high percentage of patients developing 
atherosclerosis have slightly greater than usual 
amounts of various lipoproteins in their plasma. 
On the contrary, there are those who have pre- 
cisely the same morphological lesions in the ves- 
sels without elevated lipoproteins. This is what 
makes individual predictability so unsure. 

We can narrow the problem down a little more 
and say that among the different lipoproteins, 
elevation of the beta-lipoprotein is most signifi- 
cant. This is probably because it is such a large 
molecule and so heavily laden with lipid that it 
is unstable and tends to break down inside the 
vessel wall and shed its lipid as an insoluble 
residue. Again, the finding of elevated beta-lipo- 
protein is no more than an indication of athero- 
genesis—not a sure sign in an individual. 

Much has been said out thd relationship of 
heparin to the lipoproteins,‘ Ahid ti$/4¥ because 
heparin is known t Ico cerngd with the tissue 
enzyme which breaké nthe | iapprepates 
of lipoproteins known , as chylomicrons. This 
enzyme has been called! * Spase.” It 
seems to be concerned with the size of the lipid 
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ing” of the blood of Ajpidg jwhich make. plasma 


| 

419 


turbid. Unfortunately, from the clinical point of 
view, clinical tests with heparin to elicit clearing 
have not proved to be of significant value as 
devices for measuring atherogenesis. This is not 
to say that some of the fascinating mechanisms 
of lipid synthesis and breakdown uncovered by 
such experimentation may not ultimately prove 
valuable. 

Determination of the total plasma cholesterol 
by a reliable method started us on the trail of 
atherosclerosis some years ago, and this still 
remains the cheapest method and as trustworthy 
as the other more complicated analyses for the 
detection of atherogenesis. Let me warn, however, 
that it suffers the same weakness as determina- 
tion of lipoproteins: useful as a rule, but gen- 
erally useless in particular. The normal level for 
plasma cholesterol has yet to be defined: in this 
country it runs somewhere between 175 to 275 
mg./100 ml., depending in part on the method. 
But in comparison with countries relatively free 
of atheroclerosis, such as South Africa and Ja- 
pan, such values would be much too high. In the 
United States, we may be comparing merely one 
atherosclerotic person with another, which is not 
a very happy thought for most of us. The most 
that currently can be said with confidence is that 
persistent elevation of plasma cholesterol predis- 
poses to atherogenesis. Given an unfavorable 
hereditary background, the odds then are greater. 
The same applies to the lipoproteins. 

The phospholipids, or phosphatides, are thought 
to aid in keeping cholesterol in solution in plasma 
and lymph; hence the ratio of the two has been 
deemed important. This has been found to be true 
but, again, only in general. It has insufficient in- 
dividual predictive value. 


Quite a different and worth-while approach to 
the problem of atherogenesis is being taken by 
some investigators. They suggest that the metabo- 
lic changes going on within the vessel wall are the 
important ones, not those occurring in the blood 
stream. Thus, it has been shown that both cho- 
lesterol and phospholipid can be synthesized by 
the vessel wall itself. Almost nothing is known 
about the circumstances controlling this metabo- 
lism; hence this knowledge is not yet clinically 
applicable. Associated studies of pure cultures of 
cells identical with, or similar to the fibroblasts in 
the vessel walls, which will grow into synthetic 
sponges implanted into various parts of the body, 
are demonstrating the great avidity of these cells 
for lipids. These experiments are beginning to 
show what factors control the deposition of lipids. 
The method is purely experimental. Its impor- 
tance for clinicians lies for the moment in the em- 
phasis it places on the necessity of being broadly 
oriented in the problem of atherogenesis and in 
realizing that not only the chemical changes in 
the blood, but the blood vessel as well, are intim- 
ately concerned in the several mechanisms lead- 
ing to atherosclerosis. Too long we have mis- 


identified the nature of atherogenesis as a he- 
matoxylin-stained section under the pathologist’s 
miscroscope. 

So far, I have put all the emphasis on the lipid 
part of the problem, but some rather cogent evi- 
dence suggests participation of the protein moiety, 
especially as regards the clotting mechanism. 
There is suggestive evidence that the building up 
of a plaque may be due to the laying down of 
strands of fibrin on the endothelium. Normally 
these seem to be redissolved by some such enzyme 
as fibrinolysin. But the fibrin strands may be 
overgrown by endothelium and so form a thick- 
ened cushion which obstructs filtration, ulti- 
mately leading to depositions of lipid. This is, 
then, just the reverse of the usual conception of 
atherogenesis: lipids become of only secondary 
importance. Actually, this is a very intriguing 
concept which had its inception in Rokitansky’s 
fertile brain, a concept revivified recently by 
Duguid. So far, however, there is not much sub- 
stantial evidence on which to base an opinion as 
to its validity, despite the busy attempts in the 
current literature to unify the primary lipid and 
the fibrin concepts of atherogenesis. One of the 
more recent studies suggests that feeding choles- 
terol or fat prevents resolution of the clot which, 
without fat, would occur rather quickly. 

Lastly, there is a heterogeneous group of ob- 
servations, most of which need a great deal more 
study. They have the virtue chiefly of indicating 
that people are still thinking. They include the 
function of esterification of fatty acids as well as 
their degree of unsaturation, the influence of var- 
ious substances on cholesterol synthesis, the sub- 
stances from which cholesterol originates, the in- 
fluence of vitamins and even of trace metals. 
These are currently the carrots in front of our 
noses. If we ate one, possibly enough of our night 
blindness would be overcome to see some im- 
portant new vista. Meanwhile, the medical pro- 
fession must continue an interested vigil, always 
alert to the true and useful but careful not to be 
tempted because of need. No one doubts that the 
need for chemical methods for detection and 
treatment of atherosclerosis is desperate. This can 
only mean that we must be the more vigilant and 
exacting lest emotional and financial pressures 
prevail. Hope for success lies in keeping our goals 
clearly defined and vivid. The diagnosis of early 
atherosclerosis by objective chemical means is 
one of the more important of these. 
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